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The mandibular third molar is an
unusual tooth characterized by con-
siderable variability in formation tim-
ing, variations in crown and root mor-
phology and, not infrequently, by agen-
esis. Most studies of the mandibular
third molar have been concerned with
its presence or absence, or with differ-
ences in size and morphology. In re-
cent years, however, increased investi-
gative attention has been devoted to
the calcification and movement of the
mandibular third molar. Thus, Banks?
investigated calcification timing of this
tooth in Denver orthodontic patients;
Saito™ studied calcification of the third
molar in Japanese; Demisch and Wart-
mann* explored the relationship be-
tween successive third molar formation
stages and skeletal age; and Bjork,
Jensen and Palling® reported on third
molar calcification timing in relation
to its subsequent eruptive course.

These studies, however, were largely
concerned with cross-sectional material,
and the analyses were therefore cross-
sectional in execution. Questions of con-
stancy of third molar formation, the
relationships between third molar cal-
cification and movement, and inter-
relationships between dental develop-
ment and somatic maturation were thus
left open for further study.

The present report, therefore, is con-
cerned with long-term studies of third
molar calcification and movement in
the same group of children. Of particu-
lar interest are the questions of con-
stancy of developmental status (over a

270

twelve-year period), interrelationships
between calcification and movement
timing within individuals, and relation-
ships with various measures of physical
maturation.

METHODS AND MATERIALS

The present study is based upon
serial, longitudinal oblique-jaw and
lateral-head radiographs of 140 clini-
cally-healthy, Ohio-born white partici-
pants in the Fels Longitudinal Studies
of Growth and Development.® The head
and jaw radiographs were supplemented
by serial postero-anterior radiographs
of the lower leg and hand to determine
the time of osseous completion. Data on
sexual maturation, in turn, came from
the Fels Longitudinal Records.

In analyzing the developmental
course of the mandibular third molar
tooth, a total of nine stages of calcifica-
tion and movement were recognized,
as shown in Figure 1. This number of
stages was chosen in contrast to the
smaller number of developmental stages
previously recognized by us 1*1® in order
to take maximum advantage of the
unusually long developmental course of
the mandibular third molar tooth. For
each child in the series, the earliest age
at which each stage of third molar
development had been attained was
recorded as the ‘“age-at-attainment.”
Cumulative frequency curves were then
drawn from the recorded ages at attain-
ment, and the 15th, 50th, and 85th per-
centiles were determined by interpola-
tion from the curves as we have pre-
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viously described, 1*:1?

The timing of osseous maturation
was determined, for each child in the
study, as (1) the age of union of the
proximal epiphysis of the tibia, i.e.,
tibial union,*® and (2) the age at com-
plete union of all epiphyses of the
metacarpals and digits, i.e., hand com-
pletion.’* In addition to these objective
measures of osseous union in the appen-
dicular skeleton, which eliminated the
necessity of estimating “bone ages”
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from pictorial standards, menarcheal
data were obtained for the girls in this
series from the serial longitudinal health
histories maintained at the Fels Re-
search Institute for the past thirty
years.?

In the correlational studies, all “raw”
scores for ages at attainment were con-
verted into normalized sex-specific T-
scores using McCall’s method.”*® This
normalizing procedure not only simpli-
fied computation, but also eliminated

Fig. 1 Formation stages of the mandibular third molar tooth. 1) small follicle, 2) full
follicle, 3) cusp calcification, 4) crown completion (without root formation), 5) root
formation. 6) half root. 7) alveolar eruption, 8) molar cusp level, 9) apical com-
pletion. Throughout the present study the age-at-attainment of each of these stages
wasblrecorded as the earliest age at which the rating criterion was radiographically
visible.
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skewness and made practical the pool-
ing of male and female data in the
final correlations. The forty intercor-
relations for tooth development and
the fifty-four correlations involving sec-
ond and third molar development and
physical maturation were completed
with the aid of an IBM 602 calculator.
Since the relationship between third
molar development and somatic matu-
ration was based entirely on intrachild
comparisons, the problem of sampling
did not enter into consideration. Secu-
lar trends, moreover, could be neglected
in this study, as a preliminary survey
showed. However, it may be valuable
to further define the subject population
as being almost exclusively of north-
west European origin, and largely of
the lower-middle, and middle-middie
economic and social classes as defined
either by indexes of parental education,
or by multiple indexes of occupation,
housing and economic achievement.

FinpiNGs

As shown in Table I, where values
for the age-at-appearance of nine
stages of third molar formation are set

Garn

October, 1962

forth, this tooth develops over a long
time period. M, first shows evidence
of follicle formation during the eighth
year on the average, but apical closure
is not complete until the twentieth year
of life. And, In a substantial number of
cases, the third molar tooth requires
even more than twelve years to com-
plete its formation, often being still in-
complete well after the time of legal
majority.

Interestingly enough, and unlike any
other permanent tooth we have studied
to date, ® the mandibular third molar
evidenced no meaningful sex difference
throughout its developmental course,
For all nine stages of formation and
movement considered in this paper, sex
differences were not statistically signifi-
cant throughout. Moreover, the general
tendency was for the girls to be later
than the boys in third molar formation.
Under these circumstances, male and
female data on formation of the mandi-
bular third molar may be combined, as
shown in the combined-sex percentiles
of Table I.

Since the mandibular third molar
tooth has long been famous for its vari-

TABLE 1

SEX DIFFERENCE, PERCENTILES AND VARIABILITY IN
THIRD MOLAR DEVELOPMENT

Stage of Median Age Combined-Sex

(Years) Percentiles
Development

Boys Girls N 15 501 85 “Variability2"

1. Small Follicle 8.7 8.6 70 7.7 8.6 10.2 15
2. Full Follicle 9.2 9.1 90 8.1 9.1 10.2 12
3. Cusp Calcification 9.4 9.6 140 8.3 9.4 10.8 14
4. Crown Completion 13.6 14.2 79 12.4 13.9 16.0 13
5. Root Formation 14.4 15.0 66 13.3 14.8 16.7 12
6. Half Root 16.7 17.2 95 15.4 16.9 17.9 8
7. Alveolar Eruption 16.9 17.1 94 15.9 17.0 17.9 6
8. Cusp Level 17.% 17.8 39 17.2 17.8 14
9. Apical Completion 20.2 19.9 37 17.7 20.0 13

1Median

2Calculated as the difference between the 15th and 85th percentiles divided by twice

the median.
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Fig. 2 Comparative variability of nine
stages of third molar formation (white
dots) and calcification stages of the re-
maining posterior teeth (black dots).
Although variability of formation and
eruption of the mandibular third molar
is absolutely greater than that of the
remaining teeth, the difference is largely
eliminated when corrected for the mean
age-at-attainment.

ability in formation timing, data on this
aspect were compared with variability
data on the remaining posterior teeth
(Figure 2). Clearly, on an absolute ba-
sis, the mandibular third molar tooth is
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more variable than other molar or pre-
molar teeth of the lower jaw. But, as
shown by the two trend lines on the
second figure, variability of the mandi-
bular third molar is not markedly great-
er than that of other teeth when ex-
pressed in relationship to the mean
age-at-attainment of the particular
formation stages in question. As with
P, P;, M, and M., variability of the
third molar increases directly with
mean age-at-attainment, and the abso-
lutely large variability of the mandi-
bular third molar tooth is thus almost
completely explained as part of a gener-
al biological trend.

As shown in Table II, where inter-
correlations in third molar development
are summarized for all nine stages con-
sidered in this study, this tooth shows
considerable communality within itself.
Early third molar formation at one
stage is associated with early formation
at another stage and vice versa. Expect-
ably, stages of third molar formation
that are closely related in time (as for
example, the small-follicle and full-
follicle stages) are characterized by the
highest intercorrelations, exceeding in
many cases 0.9. On the other hand,
stages of third molar formation most
remote in time, as in the two follicle

TABLE II
INTERCORRELATIONS IN THIRD MOLAR DEVELOPMENT

Stage of Development 1 2 3 4 5 6 7T 8 9

S.f. Ff. Ce. Cre. Rf. Hr, Ae Cl Agc
1. Small Follicle (S.f.) 096 095 082 073 058 048 0,501 033
2, Full Follicle (F.f.) 096 079 067 068 064 034 0381
3. Cusp Calcification (C.c.) 0,75 0,76 060 056 0.44 0.26
4, Crown Completion (Cr.c) 090 0770 0.62 - -2
5. Root Formation (R.f,) 0.82 064 -2 -2
6. Half Root (H.r.) 0.83 050 0.57
7. Alveolar Eruption (A.e.) 0.45 0.33
8. Cusp Level (Cl)) 0.76
9. Apical Completion (A.c.)

1 Small sample N = 10-15,
2 N less than 10,
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Fig. 3 Constancy of third molar forma-
tion timing. As shown in this figure
intrastage correlations in third molar
formation range as high as 0.96 for events
occurring less than one year apart, and
range downward to 0.3 for developmental
events separated by as much as twelve
yvears. The third molar tooth shows con-
siderably higher constancy during its
developmental course than teeth pre-
viously investigated (cf. Garn, Lewis and
Polacheck12),
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stages and attainment of cusp level or
apical completion, show lower mean
intercorrelations averaging 0.4-0.5. This
tendency for interrelationships to de-
crease in magnitude with elapsed time
is further depicted in Figure 3 where
the correlation coefficients are set forth
in relation to the mean time between
developmental events. Notably, the
third molar tooth not only shows high
short-term intercorrelations but sur-
prisingly high intercorrelations through-
out: even after twelve years have
elapsed, stages of third molar formation
have much more in common than was
previously observed for the other man-
dibular molar and premolar teeth.'*

Relating third molar formation for
all nine stages involved to three meas-
ures of somatic and sexual maturation,
it is clear that the mandibular third
molar is but slightly correlated with
these other developmental events {Ta-
ble III). With menarche, the custom-
ary measure of sexual maturation in
females, correlations are low and not
statistically significant. With tibial union
(union of the proximal epiphysis of
the tibia to the diaphysis)’® and hand

TABLE 111

CORRELATIONS BETWEEN THIRD MOLAR DEVELOPMENT AND
PHYSICAL MATURATION IN BOYS AND GIRLS

Stage of M, Menarche Tibial Union! Hand Unionz
Development N T N 7 N r
Correlations

1, Small Follicle k¥4 -0.02 48 0,283 35 0,378
2, Full Follicle 40 0.06 59 0,13 46 0,27
3. Cusp Calcification 64 0,07 94 0.14 72 0,282
4. Crown Completion 36 0.24 50 0.363 36 0,412
5. Root Formation 38 0.05 48 0.39% 25 0.27
6. Half Root 42 0,14 82 0.21 64 0.23
7. Alveolar Eruption 33 0.20 63 0.283 49 0.17
8. Cusp Level 15 0.06 39 -0,07 29 0.01
9, Apical Completion 12 0.13 27 -0.01 23 -0.21

1 Age at completion of proximal tibial epiphysis,
2 Age at complete union of digital epiphyses.

3 Significant at p = .05 or better.
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TABLE 1V
COMPARISON OF CORRELATIONS INVOLVING M, AND M,
DEVELOPMENT AND PHYSICAL MATURATION
Correlations Involving M2 M2
N r N r
Correlations
Menarche and Beginning Root 63 0.34 38 0.05
and Alveolar Eruption 35 0.62 33 0,20
and Cusp Level 35 0.61 It 0.06
and Apical Completion 15 0.29 12 0,13
Tibial Uniont and Beginning Root 101 0.27 48 0,39
and Alveolar Eruption 15 0.51 63 0,28
and Cusp Level 26 0.54 39 -0.07
and Apical Completion 28 0.34 26 -0,01
Hand Uniont! and Beginning Root 82 0.52 35 0,27
and Alveolar Eruption 30 0.57 49 0.17
and Cusp Level 17 0.52 29 0.01
and Apical Completion 20 0.34 23 -0.21

1 See Table II.

* M, correlations average 0.3 higher than correlations involving M,.

union (complete union of the meta-
carpal and digital epiphyses),’* low
correlations are again evidenced reach-
ing not more than 0.3-04 in a few
cases. While there is some tendency to-
ward significant correlations between
third molar development and epiphy-
seal-union at the times of crown com-
pletion and beginning root formation,
no great enthusiasm can be expressed
for the rather low relationships between
third molar tooth development and
bodily development in general.

The failure of the mandibular third
molar to show any great degree of
communality with somatic and sexual
maturation contrasts considerably with
the picture drawn by the mandibular
second molar. As shown in Table IV,
the mandibular second molar is more
highly correlated with various matura-
tional events, exceeding the third molar
for paired correlations by an average of
0.3 throughout, Thus, the low correla-
tions between third molar formation
and somatic and sexual maturation are

not necessarily characteristic of the den-
tition, but rather uniquely true for the
third molar tooth. This observation is
further summarized graphically in Fig-
ure 4. Whether for tibial union or
menarche, and whether for tooth for-
mation or tooth movement, the third
molar has less in common with bodily
development than does the adjacent
second molar tooth.

The fact that the third molar tooth
exhibits a considerable degree of in-
ternal consistency, with early formation
of this tooth heralding early completion
and vice versa, naturally suggests a
relationship between timing of forma-
tion on the one hand and the timing of
movement on the other. This may per-
haps be better seen by dividing the
children into those early in cusp calcifi-
cation (ie., before the median) and
late in calcification (i.e., after the
median). As shown in the fifth table,
there is very little question that chil-
dren who are early in third molar cal-
cification are correspondingly early in
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Fig. 4 Comparison of correlations in-
volving the second and third molar, re-
spectively. For various stages of calcifica-
tion and movement, (root formation,
alveolar eruption, etc.) correlations in-
volving the mandibular second molar
tend to be systematically higher than
those involving the third molar.

movement through the alveolus. More-
over, the early forming children are
similarly early in attaining the “occlu-
sal” or molar cusp level (Figure 53).

Discussion
As shown in the present data, the
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Fig. 5 Comparison of tooth movement in
children early in third molar calcification
(left) and late in third molar calcifica-
tion (right). Children early to calcify
tend to be early in their eruptive course,
while late-calcifving children exhibit a
tendency towards late movement of the
mandibular third molar tooth.

95-15

third molar tooth seems to justify its
reputation for variability in formation
timing. The range of ages for each
stage of formation and movement is
large, being, for example, seven to
fourteen vears for beginning cusp cal-
cification. Nevertheless, this is absolute

TABLE V
RELATIONSHIP BETWEEN THE TIMING OF M, AND
THE TIMING OF M, MOVEMENT

M, Formation:

Alveolar Eruption

Molar Cusp Level

Early Late Early Late
Before Median
(Early) 24 14 8
After Median?
(Late) 8 3 23

1 Primarily cusp calcification,

2 Including cases still unerupted after median age,



Vol. 32, No. 4

variability and due correction must be
made for the fact that the variability
of all developmental phenomena in-
creases almost linearly with age?®
Obviously, third molar cusp calcifica-
tion, occurring during the eighth year
on the average, may be expected to be
more variable than cusp calcification
of the first molar (present at one month
on the average). When suitable correc-
tion is made for such age-connected
variability, the third molar tooth ceases
to be exceptional, being only slightly
more variable overall than might be
expected on the basis of the other pos-
terior teeth,

Nevertheless, the third molar tooth
is exceptional in the absence of any
demonstrable sex difference in calcifica-
tion and movement, All other perma-
nent teeth are characteristically earlier
in formation and eruption in the fe-
male. The eruption data, as summariz-
ed by Hurme,'” show female advance-
ment by amounts up to 1.3 years on
the average. Our previously-analyzed
data on tooth formation of P, - M,
showed the sex difference clearly for
all stages of all teeth considered.’® Yet
the mandibular third molar tooth evi-
dences no difference between the sexes,
a phenomenon quite in accordance
with previous suggestions*?* and most
unlikely to be due to peculiarities ot
the population studied.

Taken in comparison with other
teeth, the mandibular third molar is
unquestionably characterized by auton-
omy in development. True, correlations
with sexual and somatic maturation
are generally positive as is characteristic
of dental development in general.'*
But for M; the correlations are of a
relatively low order of magnitude, and
the third molar tooth has far more
independence than communality with
the other teeth. In other words, the
mandibular third molar tooth seems to
be rather little influenced by factors
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that affect development of the other
teeth.

This view is supported by compari-
sons with somatic development during
the developmental period. While den-
tal development in general is poorly
related to the tempo of physical growth,
the third molar tooth seems to be par-
ticularly refractory to influences (such
as the caloric surplus) that accelerate
physical development in general. The
same appears to be true for sexual
maturation. Whereas correlation be-
tween tooth formation and sexual ma-
turation is generally higher than de-
velopmental correlations prevailing in
the pre-pubertal years,>® third molar
tooth development tends to assert its
own characteristic independence or
autonomy even from sexual maturation.

But if intertooth correlations and
correlations with osseous development
and sexual maturation are low for the
third molar, this tooth is consistent with-
in itself, exceeding intratooth consis-
tency previously observed for the re-
maining molar and premolar teeth.%
Thus a child who is late in third molar
calcification is similarly late in third
molar movement. Children late in cusp
calcification of the mandibular third
molar teeth may scarcely have begun
root formation when early-to-calcify
children are already at the stage when
the occlusal surface of that tooth is
above the alveolus. Formation timing,
apparently genetically determined as
we have previously shown,®!* may thus
underlie late eruption of the mandibu-
lar third molar tooth, as also suggested
by data of Bjork, Jensen and Palling.*

Speculatively, one may wonder what
proportion of third molar teeth delayed
in eruption or clinically impacted may
be so on a genetic basis. Speculatively
again, one wonders what effect the
prevailing tendency toward earlier sex-
ual maturation has had on the clinical
eruption of the third molar tooth. So-



278

matic and sexual maturation can be
accelerated by hypernutrition during
the growing period,”*® but the third
molar tooth appears to be largely inde-
pendent of the rate of sexual matura-
tion of growth-accelerating phenomena
in general.

Finally, it would be extremely inter-
esting to study the developmental course
of the mandibular third molar in those
populations where (as in India* and
East Africa®) this tooth may evidence
clinical emergence as early as the thir-
teenth year. Is the third molar uniquely
independent, as to be years advanced
in some groups and years delayed in
others? Or, is this apparent advance-
ment of the mandibular third molar
merely a manifestation of early tooth
formation in general?

SUMMARY

1. Calcification and movement of the
mandibular third molar was investigat-
ed in serial, longitudinal radiographs
of 140 clinically-healthy, white Ohio-
born children.

2. Despite very large variability in
calcification and movement timing for
all nine stages observed, relative or age-
corrected variability was not markedly
greater than for other posterior teeth.

3. Throughout its {ormation the
mandibular third molar evidenced no
significant sex difference in timing,
thus being unique among the teeth.

4. Interrelationships with somatic
growth and sexual maturation were low
and rarely significant, thus emphasiz-
ing the developmental autonomy of the
third molar tooth.

5. In contrast, the mandibular third
molar showed uniquely high consistency
during development even over a twelve-
year period.

6. Thus, early-calcifying third molar
teeth were advanced in movement
through the alveolus and to the occlus-
al (cusp) level.
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7. Attention was directed to the
problem of tooth formation in popula-
tions characterized by extremely early
eruption of M.

Fels Institute
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